Attorney Docket 0267-1430 (41912) 
CIRCUIT INTERRUPTER WITH IMPROVED SURGE SUPPRESSION 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is related to commonly owned application Serial No. To Be 
Determined, filed March 20, 2001, entitled Circuit Interrupting Device with Reset 
Lockout and Reverse Wiring Protection and Method of Manufacture, by inventors Steven 
Campolo, Nicholas DiSalvo and William R. Ziegler, having attorney docket 0267- 
1415CIP9(41912.015600), which is a continuation-in-part of application Serial No. 
09/379,138 filed August 20, 1999, which is a continuation-in-part of application Serial 
No. 09/369,759 filed August 6, 1999, which is a continuation-in-part of application Serial 
No. 09/138,955, filed August 24, 1998, now U.S. Patent No. 6,040,967, all of which are 
incorporated herein in their entirety by reference. 

This application is related to commonly owned application Serial No. To Be 
Determined, filed March 20, 2001, entitled Reset Lockout for Sliding Latch GFCI, by 
inventors Frantz Germain, Stephen Stewart, David Herzfeld, Steven Campolo, Nicholas 
DiSalvo and William R. Ziegler, having attorney docket 0267-1415CIP8 (41912.018100) 
which is a continuation-in-part of application Serial No. 09/688,481 filed October 16, 
2000, all of which are incorporated herein in their entirety by reference. 

This application is related to commonly owned application Serial No. To Be 
Determined, filed March 21, 2001, entitled IDCI With Reset Lockout and Independent 
Trip, by inventor Nicholas L. DiSalvo, having attorney docket 0267- 
1415CIP4(41912.017500), herein incorporated by reference. 
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This application is related to commonly owned application Serial No. To Be 
Determined, filed March 20, 2001, entitled Neutral Switch Test Mechanism for a Circuit 
Interrupter, by inventors David Y. Chan, James Richter and Gerald N. King, having 
attorney docket 0267-1689(41912.017900), herein incorporated by reference. 

FIELD OF THE INVENTION 
The present invention relates to surge suppression, and in particular to circuit 
interrupters and ground fault circuit interrupters (GFCI) and related products with 
enhanced transient suppression and protection characteristics. 

BACKGROUND OF THE INVENTION 
Known GFCI products typically include a metal oxide varistor (MOV) positioned 
across the power lines of the GFCI product, with the MOV providing some surge 
protection to the GFCI product circuitry by clamping transient voltages to acceptable 
levels. 

An MOV is typically a non-linear resistance that is a very high resistance at below 
the threshold voltage and is typically modeled as an open circuit. At voltages above the 
threshold voltage, the resistance is nearly zero and transient power is dissipated. The 
amount of energy that an MOV dissipates is generally related to the size of the device, 
typically a disc or 14, 20, or 40 mm or the like. A larger MOV typically dissipates more 
energy, but take up more space, may be more costly and may require more open space 
around the device. 



\400396v01 



2 



Attorney Docket 0267-1430 (41912) 

The nature of the clamping and the amount of energy that may be dissipated is 
determined by the size of the disc and voltage rating associated with a disc type MOV. 
Heretofore, GFCI products have typically been limited to handling transient voltages of 6 
kV at 100 A. A need exists for GFCI products capable of sustaining greater transient 
conditions. 

In addition, due to deregulation of local power authorities, overvoltage conditions 
may be more prevalent, requiring circuits to survive, for example, 240 V overvoltage 
conditions for a 120 V rated product. When such conditions occur, GFCI components 
such as the MOV in the typical GFCI may not survive. For example, a MOV in the 
typical GFCI operating beyond its rating at overvoltage may disintegrate, and thus such 
conditions may also destroy the rest of the electronics in the GFCI product. Furthermore, 
an MOV may fail by rupturing, exploding or igniting. Such failure conditions are 
potentially dangerous. 

A need exists for a surge protection circuit which allows components such as a 
MOV to survive power conditions exceed voltage and current ratings, and thus enabling a 
GFCI product to survive overvoltage conditions. 

SUMMARY OF THE INVENTION 
A suppression and protection circuit is used in conjunction with a circuit 
interrupter. In an embodiment, a metal oxide varistor (MOV) is utilized in a ground fault 
circuit interrupter (GFCI) product for handling transient surges and overvoltage 
conditions. In an embodiment, the suppression and protection circuit includes a crowbar 
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device across the line such as a header spark gap to prevent overvoltages, and a low pass 
filter such as an LC filter for suppressing transient surges. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 illustrates a block diagram of a disclosed suppression and protection circuit 
connected between power inputs and the GFCI circuit according to an embodiment of the 

present invention; 

FIG. 2 illustrates the circuits and components in FIG. 1 in an example 
embodiment with greater detail; 

FIG. 3 illustrates a schematic diagram of a GFCI circuit having a suppression and 
protection circuit and a grounded neutral reset lockout test according to an embodiment 
of the present invention; 

FIG. 3 illustrates a schematic diagram of a GFCI circuit having a suppression and 
protection circuit and a grounded neutral reset lockout test according to an embodiment 
of the present invention; 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A circuit interrupted having improved transient and overvoltage suppression is 
described. The commonly owned U.S. patent applications referred to above describe 
circuit interrupting devices and are incorporated herein in their entirety by reference. 
Furthermore, a GFCI is described in commonly owned U.S. Patent No. 4,595,894 which 
is incorporated herein by reference in its entirety. 
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Referring to FIG. 1, the suppression and protection circuit 10 is shown to 
interface between power inputs 12 and a ground fault circuit interrupter (GFCI) circuit 14 
and/or related products connected to a load 16, with the suppression and protection circuit 
5 10 providing enhanced suppression of transient surges as well as protection from 
overvoltage conditions. The circuit 10 includes a filter circuit 18 and a overvoltage 
prevention component 20, which are described in greater detail with reference to FIG. 2. 

FIG. 2 illustrates one example embodiment of the circuit 10 and the GFCI 14. 
The GFCI 14 includes a metal oxide varistor (MOV) 22 positioned between input power 
5 10 lines as the power inputs 12, for example, an alternating current (AC) line connection 
JfJ having a phase line 24 and a neutral line 26. The lines 24, 26 are connected through the 

§7j overvoltage prevention circuit 20, which in an example embodiment is a spark gap device 

C 5 known in the art, and through a ground neutral transformer 28 and a differential or 

O sensing transformer 30 to the load 16, which may include a phase load connection 32 and 

O 1 5 the neutral load connection 34, as in FIG. 2. A test line 36 may also be provided in a 
H manner known in the art including, for example, a test switch 38 and a resistor R4 having 

a 1 5 KQ resistance. Optionally, a relay 40 and/or circuit breaker known in the art may be 
provided, as further described herein, connecting the differential transformer 30 to the 
load lines 32-34. 

20 A processor 42 of the GFCI 14 is connected via a plurality of pins or connectors 

to the transformers 28, 30 in a manner known in the art, for example, using capacitors C3 
and C6-C9, a resistor R4, and a diode D2. In the example embodiment shown in FIG. 2, 
the resistor R3 has a 100 Q resistance, and the capacitors C3 and C6-C9 have 
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capacitances of .01 uF, 100 pF, .0033 uF, 10 uF, and 100 pF, respectively, each having a 
voltage rating of 50 V, except for the capacitor C8 having a voltage rating of 6.3 V. 

The processor 42 may be, for example, a model LM1851 ground fault interrupter 
controller commercially available from "NATIONAL SEMICONDUCTOR", capable of 
providing ground fault protection for AC power outlets in consumer and industrial 
environments. The processor 42 is also connected via its pins/connectors to the MOV 22 
in a manner known in the art, for example, using capacitors C2 and C4-C5 having 
capacitances of .01 uF, 1 uF, and .018 uF, respectively, at 50 V; a capacitor C10 having a 
680 pF capacitance at 500 V; resistors Rl and R2 having 15 kQ and 2 MQ resistances, 
respectively; a diode Dl; a rectifier Ql such as a silicon controlled rectifier (SCR); and a 
set of diodes D3-D6 forming a bridge circuit or configuration, as shown in FIG. 2. 

The MOV 22 as well as the filter circuit 18 are connected to the set of diodes D3- 
D6. In an example embodiment, the filter circuit 18 includes an inductor 44 and a 
capacitor 46, labeled CI in FIG. 2 and having a capacitance of, for example, .01 uF at 
400 V. In this example, the filter circuit 1 8 functions as an LC low pass filter for input 
power applied to the MOV 22. 

The inductor 44 may be a solenoid bobbin acting as a trip coil, such that the 
inductor 44 also functions as an actuator to disengage the relay mechanism 40 on the load 
side. The capacitor CI 46 may be normally present in the GFCI product 14 as a by-pass 
capacitor. In the disclosed circuit 10, the capacitor CI 46 serves as a by-pass capacitor as 
well as the capacitance in the LC filter of the filter circuit 18. 

In the embodiment shown in FIG. 2, the MOV 22 clamps the voltage exposed to 
the capacitor CI 46 to be within the voltage rating of the capacitor 46, for example, 400 
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V. In one example, transient voltage surges of 3 kV or higher are thus clamped down to 
400 V or less. As in the prior art, the MOV 22 itself in a GFCI product 14 is capable of 
handling transient surges and overvoltage conditions of, for example, less than 3 kV at 3 
kA such as a 100 A surge. Using the LC low pass filter 18 in the disclosed suppression 
and protection circuit 10, transient voltages exceeding, for example, 3 kV at 3 kA and 
even 6 kV at 3 kA, are suppressed. Accordingly, the MOV 22 in the GFCI product 14 is 
capable of handing voltages exceeding a root-mean-square (RMS) voltage rating of the 
MOV 22, permitting the MOV 22 to survive and provide protection from other transient, 
surge, and overvoltage conditions, as described herein. Test transients are often 
configured with standard pulse ramp up and duration time waveforms. 

In another embodiment for providing overvoltage protection, the overvoltage 
prevention circuit 20 includes the spark gap 48 which generates arcs across its terminals 
to perform a breakover at transients exceeding a predetermined voltage, such as 3 kV, 
and further provides multi-mode surge protection and transient suppression. When 
breakover occurs, the resulting voltage to the transformer 28 is approximately 200 V. In 
addition, the filter 18 also functions to limit the current to which the MOV 22 is exposed 
during an overvoltage surge condition. Accordingly, when the current in the MOV 22 is 
thus limited, the exposure of the MOV 22 to RMS voltages beyond the RMS voltage 
rating of the MOV 22 does not damage the MOV 22, and further, does not damage the 
rest of the GFCI circuit 14. 

In this manner, existing components are combined with other known components 
to be used as a low pass filter 18 and to cooperate and function with a spark gap device 
48 to significantly improve surge suppression and overvoltage protection. 
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Referring to FIGs 3 and 4, embodiments of the present invention are described. 
In FIG. 3, as in the above embodiment, an LC low pass filter is utilized 44 \ The MOV 
22' is a variable resistance that may have an effect as voltage changes. Similarly a 
crowbar device 48' is utilized. 

In FIG. 4, as in the above embodiment, an LC low pass filter is utilized 44". The 
MOV 22' ' is a variable resistance that may have an effect as voltage changes. Similarly 
a gas tube crowbar device 48" is utilized. 

As can be appreciated, a high frequency transient can be attenuated by a series 
low pass filter. Additionally, a transient may be diverted by absorbing it in a device 
capable of absorbing energy or shunting it away from a sensate load. 

Voltage clamping devices include without limitation selenium cells, Zener diodes, 
silicon carbide varistors and metal oxide varistors MOVs. An MOV has a generally fast 
response time and are commonly used for transient suppression. An MOV will hold a 
line voltage down while a disproportionately high current flows through it. Source 
impedance may be relied upon for clamping. 

There is uncertainty as to the long term effects on an MOV that is exposed to 
repeated transient surges and whether there are "aging" effects. While an MOV may or 
may not continuously degrade as it is exposed to transient voltages, reducing the energy 
level to the MOV will increase the likelihood that a transient may be suppressed and 
downstream devices protected. 
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MOV devices may theoretically be utilized in parallel to absorb more energy. 
However such devices may have to be closely matched so that they would each be turned 
on by a transient at nearly the same time. Of course, if one MOV turned on first, it would 
absorb the full transient. Further, the use of two devices would require greater space and 
spacing. Such a configuration would also be more costly. 

Accordingly a GFCI according to an embodiment of the present invention will 
reduce energy delivered to the MOV. 

Crowbar devices may be utilized as a transient suppressor to divert transients and 
protect against overvoltage conditions. Such a device will typically short a transient to 
the return. Crowbar device can include, without limitation, spark gaps, gas tubes and 
carbon-block protectors. Generally the gas (air for a header spark gap) must avalanche 
before the crowbar effect is initiated. Accordingly, a 0.10" space header may have too 
large a gap to provide avalanche in air at an acceptable voltage level for use as a surge 
suppressor on an AC power line. Accordingly, a more narrow spark gap may be selected. 

For example, an over 3000 volt transient may break down across a spark gap and 
the rest of the circuit will be exposed to an approximately 200V resulting voltage that an 
MOV may safely suppress. Similarly in an overvoltage condition of 240V, a low pass 
filter will limit the current that the MOV is exposed to allowing the MOV to survive 
beyond its rating. 

Referring to FIGs. 5a-5c, various spark gap configurations are shown having 
differing spark gap widths. As can be appreciated, varying suppression effects may be 
had with the differing gaps of devices 1 10, 1 1 1 and 1 12. At header pins 1 14 and 1 16 at 
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sufficiently high voltages, the air or gas in between the header pins will become ionized 
and a plasma will develop that will dissipate energy and crowbar the transient voltage to 
a lower value. As can be appreciated, the base 1 1 8 should withstand the spark energy. 
The arc or forward drop during the discharge is low such that the device can carry current 
to a return path without a relatively large power dissipation in the device. 

Referring to FIGs. 5d-5e, configurations of a spark gap utilizing a device and 
related phenomena referred to as a Jacob's ladder are described 140, 141. As can be 
appreciated, having one or two of the header pins 144, 146, 147 at an angle produce a 
varying spark gap increasing in the vertical direction that will have a varying suppression 
effect as the spark "walks" up the gap. As can be appreciated, the base 148 should 
withstand the spark energy. 

As can be appreciated, humidity may effect the performance of a spark gap. 
Accordingly, measures to avoid humid air such as encapsulating the spark gap may be 
utilized. 

Referring to FIGs. 6a-6b, various gas tube configurations are shown having 
differing spark gap widths and may be used as device 48". As can be appreciated, 
varying suppression effects may be had with the differing gaps of devices 150 and 151. 
At header pins 154 and 156 at sufficiently high voltages, the air or gas in between the 
header pins will become ionized and a plasma will develop that will dissipate energy and 
crowbar the transient voltage to a lower value. As can be appreciated, the base 158 
should withstand the spark energy. 
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As can be appreciated, the gas 152 may be contained by tube 153. Connectors 
155 and 157 provide connections. Other suitable materials 152 may be utilized in the 
spark gap. 

Referring to FIGs. 7a and 7b, a hybrid protection circuit may protect the MOV. 
The voltage clamp device MOV 180 may be in parallel with a low pass filter or another 
voltage clamping device such as a Zener diode 182 and a resistor 184 or inductor 186. 

Additionally, it is known in the art to provide a visual indication that a device 
equipped with surge suppression is still operating with surge suppression capability. In 
an embodiment of the present invention, a visual indicator is provided to indicate that the 
device is operating with adequate surge suppression capability. Similarly, an alarm such 
as an audio indicator may be provided to indicate that the device is no longer operating 
with adequate surge suppression capabilities. 

While there have been shown and described and pointed out the fundamental 
features of the invention, it will be understood that various omissions and substitutions 
and changes of the form and details of the device described and illustrated and in its 
operation may be made by those skilled in the art, without departing from the spirit of the 
invention. 
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